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(57) ABSTRACT

Adjunct materials for delivery to stomach tissue are pro-
vided. In general, the adjunct materials can be configured to
be delivered to tissue by deployment of staples from a
cartridge body of a surgical stapler. The adjunct maternial can
have a structure eflective to cause a desired reaction 1n the
stomach tissue. The adjunct material can include an effective
amount of one or more medicants disposed within and
releasable from the adjunct material for delivery to the
stomach tissue to encourage the desired reaction. The
adjunct material can be 1n the form of at least one of a film
and a foam that 1s releasably retained on the cartridge body.
Methods of using a staple cartridge assembly or an end
ellector to apply such adjunct materials to stomach tissue are
also provided.
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ADJUNCT MATERIAL FOR DELIVERY TO
STOMACH TISSUE

FIELD

The present disclosure relates generally to adjunct mate-
rial for delivery to stomach tissue.

BACKGROUND

Surgical staplers are used 1n surgical procedures to close
openings 1n tissue, blood vessels, ducts, shunts, or other
objects or body parts involved 1n the particular procedure.
The openings can be naturally occurring, such as passage-
ways 1n blood vessels or an internal organ like the stomach,
or they can be formed by the surgeon during a surgical
procedure, such as by puncturing tissue or blood vessels to
form a bypass or an anastomosis, or by cutting tissue during
a stapling procedure.

Most staplers have a handle with an elongate shaft having
a pair of movable opposed jaws formed on an end thereof for
holding and forming staples therebetween. The staples are
typically contained in a staple cartridge, which can house
multiple rows of staples and 1s often disposed 1n one of the
two jaws for e¢jection of the staples to the surgical site. In
use, the jaws are positioned so that the object to be stapled
1s disposed between the jaws, and staples are ¢jected and
formed when the jaws are closed and the device 1s actuated.
Some staplers include a knife configured to travel between
rows of staples 1n the staple cartridge to longitudinally cut
and/or open the stapled tissue between the stapled rows.

While surgical staplers have improved over the years, a
number of problems still present themselves. One common
problem 1s that leaks can occur due to the staple forming
holes when penetrating the tissue or other object in which it
1s disposed. Blood, air, gastroimntestinal fluids, and other
fluids can seep through the openings formed by the staples,
even after the staple 1s fully formed. The tissue being treated
can also become inflamed due to the trauma that results from
stapling. Still further, staples, as well as other objects and
materials that can be implanted 1n conjunction with proce-
dures like stapling, generally lack some characteristics of the
tissue 1n which they are implanted. For example, staples and
other objects and materials can lack the natural flexibility of
the tissue 1n which they are implanted. A person skilled in
the art will recognize that 1t 1s often desirable for tissue to
maintain as much of its natural characteristics as possible
alter staples are disposed therein.

In some instances, biologic materials have been used in
conjunction with tissue stapling. However, the use of bio-
logic materials presents a number of additional problems.
For example, 1t can be diflicult to maintain a location of the
biologic material with respect to jaws of the stapler prior to
and during staple ejection. It can also be difficult to keep the
biologic material at a desired location at the surgical site
after stapling 1s completed. Further, 1t can be difficult to
manufacture the biologic matenial to a desired shape and
thickness. Common plastic and molding manufacturing
techniques are not generally conducive to the manufacture
of thin biologic layers for use 1n conjunction with surgical
staplers. The fragile nature of many biologic materials also
makes them diflicult to use with surgical staplers because
they lack structural support.

Accordingly, there remains a need for improved devices
and methods for stapling tissue, blood vessels, ducts, shunts,
or other objects or body parts such that leaking and inflam-
mation 1s minimized while substantially maintaining the
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natural characteristics of the treatment region. There further
remains a need for improved implantable materials that
include biologics.

SUMMARY

In general, adjunct materials for delivery to stomach
tissue are provided.

In one aspect, a staple cartridge assembly for use with a
surgical stapler 1s provided that in one 1mplementation
includes a cartridge body, a biocompatible adjunct matenal,
and an eflective amount of at least one medicant. The
cartridge body has a plurality of staple cavities, with each
staple cavity having a surgical staple disposed therein. The
biocompatible adjunct material 1s 1n the form of at least one
of a film and a foam that 1s releasably retained on the
cartridge body and configured to be delivered to stomach
tissue of a patient by deployment of the staples in the
cartridge body. The adjunct material has a structure effective
to cause a desired reaction in the stomach tissue. The
medicant 1s disposed within the adjunct material and 1s
ellective to encourage the desired reaction in the stomach
tissue.

The staple cartridge assembly can have any number of
variations. For example, the adjunct material can be config-
ured to be stapled to an external surface of the stomach
tissue. In some aspects, the adjunct material can be a film
having an abrasive surface. The adjunct material can be
non-bioabsorbable.

The medicant can be eflective to encourage a variety of
desired reactions 1n the stomach tissue. For example, the
desired reaction can include movement of the adjunct mate-
rial from the external surface of the stomach tissue into the
patient’s stomach cavity. In one aspect, the desired reaction
can include faster healing of the stapled stomach tissue.

In one aspect, a method of using the staple cartridge
assembly described above 1s provided. The method includes
in one implementation removably attaching the cartridge
body to a surgical stapler; positioning the stapler at a target
location adjacent stomach tissue of a patient; and with the
stapler positioned at the target location, actuating the stapler
to deploy the staples from the cartridge body.

The method can vary 1n a number of ways. For example,
delivering the adjunct material can include stapling the
adjunct material to an external surface of the stomach tissue
and the stapled adjunct material can be configured to erode
into the stomach tissue over time. In another example, the
erosion can include the adjunct material moving from the
external surface of the stomach tissue into the patient’s
stomach cavity. In a further example, the adjunct material
can be loose 1n the patient’s stomach cavity with a portion
of the stomach tissue attached thereto. In some aspects, after
the deployment of the staples, the method can include
applying pressure to the stomach tissue to further encourage
the desired reaction 1n the stomach tissue.

In one aspect, an end eflector for a surgical instrument 1s
provided that in one implementation includes a first jaw, a
second jaw, a biocompatible adjunct material, and an eflec-
tive amount of at least one medicant. The first jaw has a
cartridge body removably attached thereto. The cartridge
body has on a tissue-facing surface thereof a plurality of
staple cavities configured to seat staples therein. The second
jaw has an anvil with a plurality of staple forming cavities
formed on a tissue-facing surface thereof. At least one of the
first and second jaws 1s movable relative to the other. The
biocompatible adjunct material 1s 1n the form of at least one
of a film and a foam that 1s releasably retained on at least one
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ol the tissue-facing surfaces of the first and second jaws and
1s configured to be delivered to tissue by deployment of the
staples 1n the cartridge body. The adjunct material has a
structure eflective to cause a desired reaction 1n the stomach
tissue. The medicant 1s disposed within the adjunct material
and 1s eflective to encourage the desired reaction in the
stomach tissue.

The end eflector can vary in a number of ways. For
example, the adjunct material can be configured to be
stapled to an external surface of the stomach tissue. The
desired reaction can include movement of the adjunct mate-
rial from the external surface of the stomach tissue into the
patient’s stomach cavity. In another example, the desired
reaction can include faster healing of the stapled stomach
tissue. Further, the adjunct matenial can be a film having an
abrasive surface. In some aspects, the adjunct material can
be non-bioabsorbable.

In one aspect, a method of using the end eflector
described above includes 1n one implementation positioning
a surgical stapler at a target location within a patient adjacent
stomach tissue, the stapler having the end effector at a distal
end thereof; and with the stapler positioned at the target
location, actuating the stapler to deploy the staples from the
cartridge body, thereby delivering the adjunct material to the
stomach tissue.

The method of using the end effector can vary 1n a number
of ways. For example, delivering the adjunct maternial can
include stapling the adjunct material to an external surface
of the stomach tissue. In some aspects, the stapled adjunct
material can be configured to erode into the stomach tissue
over time. The erosion of the adjunct material can include
the adjunct material moving from the external surface of the
stomach tissue into the patient’s stomach cavity. In one
aspect, the adjunct material can be loose i the patient’s
stomach cavity with a portion of the stomach tissue attached
thereto. In one example, the method can include, after the
deployment of the staples, applying pressure to the stomach
tissue to further encourage the desired reaction i the
stomach tissue.

BRIEF DESCRIPTION OF DRAWINGS

This mvention will be more fully understood from the
following detailed description taken 1n conjunction with the
accompanying drawings, i which:

FIG. 1 1s a perspective view of one embodiment of a
surgical stapler;

FIG. 2 1s an exploded view of a distal portion of the
surgical stapler of FIG. 1;

FI1G. 3 1s a perspective view of a firing bar of the surgical
stapler of FIG. 1, the firing bar having an E-beam at a distal
end thereof;

FIG. 4 1s a perspective view of another embodiment of a
surgical stapler;

FIG. 5 1s a perspective view of yet another embodiment
ol a surgical stapler;

FIG. 6 1s a graphical representation of an embodiment of
an adjunct material with different types of medicants encap-
sulated using different release mechanisms before medicant
release;

FI1G. 7 1s a graphical representation of the adjunct material
of FIG. 6, showing release of a first medicant;

FIG. 8 1s a graphical representation of the adjunct material
of FIG. 6, showing release of a second medicant;
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FIG. 9 1s another graphical representation of an embodi-
ment of an adjunct material with different types of medicants
encapsulated using different release mechanisms before
medicant release;

FIG. 10 1s a graphical representation of the adjunct
material of FIG. 9, showing release of the medicants as a
result of absorption of a first coating;

FIG. 11 1s a graphical representation of the adjunct
material of FIG. 9, showing release of the medicants as a
result of absorption of a second coating;

FIG. 12 1s a graphical representation of an adjunct mate-
rial including top and bottom layers of an absorbable poly-
mer having different degradation rates;

FIG. 13 1s a graphical representation of the adjunct
matenal of FIG. 12, showing a top layer partially degraded;

FIG. 14 1s a graphical representation of the adjunct
material of FIG. 12, showing a bottom layer partially
degraded after the top layer has been degraded;

FIG. 15 1s a graphical representation of an adjunct mate-
rial configured to release at least one medicant 1n response
to at least one environmental condition;

FIG. 16 1s a graphical representation of the adjunct
material of FIG. 15, showing the at least one medicant
partially released from the adjunct material 1n response to at
least one environmental condition;

FIG. 17 1s another graphical representation of the adjunct
maternial of FIG. 15, showing the at least one medicant
substantially entirely released from the adjunct material 1n
response to at least one environmental condition;

FIG. 18 1s a graphical representation of an adjunct mate-
rial configured to release at least one medicant by changing
1its conformation;

FIG. 19 1s a graphical representation of the adjunct
material of FIG. 18, showing the adjunct material with its
conformation changes and the at least one medicant partially
released;

FIG. 20 1s a graphical representation of an adjunct mate-
rial mncluding multiple fibers associated with vessels having
at least one medicant disposed therein;

FIG. 21 1s a graphical representation of the adjunct
maternial of FIG. 20, showing the at least one medicant
released from the adjunct material under the effect of strain;

FIG. 22 1s a graphical representation of an adjunct mate-
rial configured to release at least one medicant in response
to strain applied to the adjunct matenal;

FIG. 23 1s a graphical representation of the adjunct
material of FIG. 22, showing the at least one medicant being
released in response to strain applied to the adjunct matenal;

FIG. 24 1s a graphical representation of a vessel having at
least one medicant encapsulated therein;

FIG. 25 1s a graphical representation of the vessel of FIG.
24, showing the at least one medicant being released 1n
response to strain applied to the vessel;

FIG. 26 1s a graphical representation of an adjunct mate-
rial configured to release at least one medicant when the
adjunct material changes its conformation;

FIG. 27 1s a graphical representation of the adjunct
matenal of FIG. 26, showing the at least one medicant being
released 1n response a change in the conformation of the
adjunct material;

FIG. 28 1s another graphical representation of an adjunct
material configured to release at least one medicant when the
adjunct material changes 1ts conformation;

FIG. 29 1s a graphical representation of the adjunct
material of FIG. 28, showing the at least one medicant being
released 1n response a change in the conformation of the
adjunct material;
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FIG. 30 1s a graphical representation of an adjunct mate-
rial having vessels configured to release at least one medi-

cant encapsulated therein 1n a non-homogeneous manner;

FIG. 31 1s a graphical representation of a vessel config-
ured to release multiple medicants encapsulated at diflerent
layers thereof 1n a non-homogeneous manner;

FIG. 32 1s a graphical representation of an adjunct mate-
rial having different portions configured to release at least
one medicant in a non-homogeneous manner;

FIG. 33 1s another graphical representation of an adjunct
material having different portions configured to release at
least one medicant in a non-homogeneous manner;

FIG. 34 1s a graphical representation of a side view of the
adjunct material of FIG. 33;

FIG. 35 1s a graphical representation of a side view of an
adjunct material having diflerent portions configured to
release at least one medicant 1n a non-homogeneous manner;

FI1G. 36 1s another graphical representation of a side view
of an adjunct material having different portions configured
to release at least one medicant 1n a non-homogeneous
manner;

FIG. 37 1s a graphical representation of an adjunct mate-
rial having different concentric regions configured to release
at least one medicant at diflerent rates;

FIG. 38 15 a graphical representation of an adjunct mate-
rial having different radial regions configured to release at
least one medicant at different rates;

FI1G. 39 1s another graphical representation of an adjunct
material having different concentric regions configured to
release at least one medicant at diflerent rates:

FI1G. 40 1s a graphical representation of an embodiment of
wound healing over time with doses of medicants;

FI1G. 41 1s a graphical representation of a hemostatic stage
in the wound healing of FIG. 40;

FIG. 42 1s a graphical representation of a portion of an
inflammation stage in the wound healing of FIG. 40;

FIG. 43 1s a graphical representation of another portion of
the inflammation stage in the wound healing of FIG. 40;

FIG. 44 1s a graphical representation of a proliferation
stage 1n the wound healing of FIG. 40;

FIG. 45 1s a schematic view of an example of an adjunct
material applied to the external surface of a stomach wall in
a gastric bypass procedure;

FIG. 46 1s a cross-sectional side view of an exemplary
adjunct matenal stapled to an external surface of stomach
tissue;

FI1G. 47 represents the adjunct material of FIG. 46 after a
period of time;

FIG. 48 represents the adjunct material of FIG. 47 after
another period of time where the adjunct material has eroded
into the stomach tissue; and

FIG. 49 represents the adjunct material of FIG. 48 after
the adjunct material has eroded through the stomach tissue
and 1nto the stomach cavity.

DETAILED DESCRIPTION

Certain exemplary embodiments will now be described to
provide an overall understanding of the principles of the
structure, function, manufacture, and use of the devices and
methods disclosed herein. One or more examples of these
embodiments are illustrated 1n the accompanying drawings.
Those skilled 1n the art will understand that the devices and
methods specifically described herein and 1illustrated 1n the
accompanying drawings are non-limiting exemplary
embodiments and that the scope of the present invention 1s
defined solely by the claims. The features illustrated or
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6

described 1n connection with one exemplary embodiment
may be combined with the features of other embodiments.
Such modifications and vanations are mtended to be
included within the scope of the present invention.

Further, 1n the present disclosure, like-named components
of the embodiments generally have similar features, and thus
within a particular embodiment each feature of each like-
named component 1s not necessarily fully elaborated upon.
Additionally, to the extent that linear or circular dimensions
are used 1n the description of the disclosed systems, devices,
and methods, such dimensions are not intended to limit the
types of shapes that can be used 1n conjunction with such
systems, devices, and methods. A person skilled 1n the art
will recognize that an equivalent to such linear and circular
dimensions can easily be determined for any geometric
shape. Sizes and shapes of the systems and devices, and the
components thereof, can depend at least on the anatomy of
the subject in which the systems and devices will be used,
the size and shape of components with which the systems
and devices will be used, and the methods and procedures 1n
which the systems and devices will be used.

It will be appreciated that the terms “proximal” and
“distal” are used herein with reference to a user, such as a
clinician, gripping a handle of an strument. Other spatial
terms such as “front” and *“back™ similarly correspond
respectively to distal and proximal. It will be turther appre-
ciated that for convenience and clarity, spatial terms such as
“vertical” and “horizontal” are used herein with respect to
the drawings. However, surgical instruments are used in
many orientations and positions, and these spatial terms are
not intended to be limiting and absolute.

Various exemplary devices and methods are provided for
performing surgical procedures. In some embodiments, the
devices and methods are provided for open surgical proce-
dures, and in other embodiments, the devices and methods
are provided for laparoscopic, endoscopic, and other mini-
mally 1nvasive surgical procedures. The devices may be
fired directly by a human user or remotely under the direct
control of a robot or similar manipulation tool. However, a
person skilled in the art will appreciate that the various
methods and devices disclosed herein can be used 1n numer-
ous surgical procedures and applications. Those skilled 1n
the art will further appreciate that the various instruments
disclosed herein can be inserted 1into a body 1n any way, such
as through a natural orifice, through an incision or puncture
hole formed 1n tissue, or through an access device, such as
a trocar cannula. For example, the working portions or end
cllector portions of the instrument<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>